INTRODUCTION
Wasabi is a spice crop of the family Brassicaceae, and its grated stem is an essential ingredient for the preparation of sashimi (raw fish) and sushi (raw fish on steamed rice) (Adachi, 1987; Chadwick et al., 1993) . Its young leaves are used for food pickling and culinary presentation. Wasabi is a highly profitable crop, suitable for hilly and mountainous regions (Yokogi and Ueno, 1990) . So-called sawa (swamp) wasabi, which is cultivated in terraced fields with running stream water in chilly, elevated regions, is particularly high in quality and commands a high price. However, because many regions with an abundant supply of stream water are located in steep mountainous areas where farming populations are aging, there is a demand for intensive and labor saving methods for wasabi cultivation that can be practiced near residential areas of Japan (Tanifuji, 1997) . There is also a concern that wasabi may not grow and develop well in chilly ele vated regions of mountains where air temperatures are low in winter and mountain shade severely limits day length. To solve these problems, we have investigated an automated cultivation system with environmental and nutrient control. The authors have developed a low cost growth medium temperature control system by storing heat through air conditioning with a heat pump at night and application to day-neutral strawberry cultivation in chilly elevated regions (Kakibuchi et al., 1998) . The strawberry cultivation system was applied to wasabi cultivation and the effects of controlling air temperature, growth medium temperature, day length, and the timing of planting on the yield and quality were studied as a means of addressing the economic and cultural issues associated with the production of wasabi.
MATERIALS
AND METHODS
Test facilities 1) Greenhouse facilities
(1) Main structure of greenhouse An iron-framed, round-roofed plastic greenhouse with 6 m frontage, 30 m depth, 2.3 m eaves height, and 3.8 m ridge height was built in Kazurahara-Nanotani (elevation, about 670 m), Ino Town, Agawa County, Kochi Prefecture. The side windows were covered with 0.8 mm mesh in sect nets to prevent the entry of insect pests (Fig. 1 Fig. 1 Cross section of greenhouse.
(36)
Environ. Control Biol. (3) Insulation curtain Insulation during heating was improved with manually wound insulation lining for the ceiling and sides. Insulation curtains were also provided for the ends of the eaves (Fig. 1 The cultivation beds were elevated so that the upper surface was 90 cm from ground level (Figs. 1, 2). Rows were formed with two beds, and four rows (three 26 m rows, one 25 m row) were set up in the greenhouse with a total cultivation bed length of 206 m. Air temperature was controlled with an air conditioner exclusively for the growth medium (PSS-J140GA, Mitsubishi Electric Building Techno-Service Co., Ltd., Tokyo, Japan) with a cool ing capacity of 12,500 kcal hr-1(14.0 kW) and a heating capacity of 14,000 kcal hr-1 (16.0 kW). Temperature-controlled air was introduced from below the growth medium through 150 mm dia.
plastic (with 25 mm dia. forced air holes at 60 cm intervals) at constant pressure with a pressurizing fan with a capacity of 35 m3 min-1 from 22:00 until 08:00 to control the growth medium tempera ture (Fig. 2 ). This system allowed heat generated from low-cost night-time electric power to be stored in the growth medium. However, it was possible to use additional energy when day-time temperatures fluctuated outside the prescribed range. 186 (40) Environ. Control Biol. reported that adequate luminous intensity for the development of main stem of wasabi was around 20,000 lx (ca. 340, tmol m-2 sec-1) and axillary buds tended to develop at 30,000 lx (ca. 500,umol m-2 sec-1) or higher. Therefore, it was judged that adequate PPFD was available for the growth and development of stems during cultivation. However, the average daily accumulated solar radiation was less than 5.5 MJ m-2 day-1, the level at which the growth and development of wasabi was re ported to be most vigorous (Ina, 2002) . The cause of these low levels in the present experiments was deemed to be insufficient accumulated solar radiation due to extremely short day length as the test site was located in a valley.
2. Growth and development 1) Seasonal variation of petiole length Maruyama and Kawanishi (1965) reported that the growth of leaves and petioles is influenced by air temperature. Growth was good in spring and autumn but suppressed by high summer tem peratures and extremely low temperatures in winter. Hence, petiole length was measured to evalu ate the effect of air temperature on the growth and development of wasabi. 2) Effects of minimum night temperature and day length on the growth and development of leaf Adachi (1987) reported that the growth and development of wasabi was affected by air 3) Effect of seasonal planting on stem growth and development ma (1996) reported on the effect of the timing of planting on the growth and development of wasabi in flooded culture, and stated that spring planting, when mean air temperatures increased for three months after planting, was suitable for stem growth and development. To our knowledge, however, there has been no report of tests under controlled environmental conditions. It is 188 (42) Environ.
Control Biol. necessary to evaluate year-round planting and stable harvests to assure the efficient use of purposebuilt facilities. Figure 7 shows the rate of stem weight increase for each time of planting. There was a high correlation between date of planting and stem weight. Linear regression gave a correlation coeffi cient ranging from 0.78-0.84. Furthermore, the slopes of the regressions, which show the rate of growth and development, were all nearly 0.1, suggesting that the difference in growth and develop ment by planting time decreased and planting time had no influence on stem growth. Enhanced growth and development by heating and day length control in the winter is the likely cause.
Daily mean solar radiation generally remained lower than 5.5 MJ m-2/ day-1 in the greenhouse during this cultivation test, which had been reported as suitable for wasabi by ma (2002) . The per centage of the optimum daily mean solar radiation measured in the greenhouse ranged from 53.0 to 103.0% without shading in the winter, about 16.6 to 59.1% with 70% shading, and 36.1 to 67.3% with 55% shading. However, stem weights reached about 60g in two years. This result agrees with the growth results from flooded wasabi cultivation reported by Maruyama and Kawanishi (1965) . Our results indicate that wasabi can be cultivated in this system at lower than 5.5 MJ m-2 day-1 daily accumulated solar radiation. From these results, it can be concluded that the season of planting made no difference in the growth and development of wasabi in this system, and that stable, yearround harvests were possible.
4. Quality evaluation The quality of wasabi is evaluated by the content of AITC, which is the principle pungent component. AITC content has been quantified for tissue-cultured wasabi (Furuya et al., 1988) 
